Abstract. Capsaicin has multiple pharmacological activities including antioxidant, anticancer, and antiinflammatory activities. However, its clinical application is limited due to its poor aqueous solubility, gastric irritation, and low oral bioavailability. This research was aimed at preparing sustained-release matrix pellets of capsaicin to enhance its oral bioavailability. The pellets comprised of a core of soliddispersed capsaicin mixed with microcrystalline cellulose (MCC) and hydroxypropyl cellulose (HPMC) and subsequently coating with ethyl cellulose (EC) were obtained by using the technology of extrusion/ spheronization. The physicochemical properties of the pellets were evaluated through scanning electron microscopy (SEM), differential scanning calorimetry (DSC), and X-ray diffractometry (XRD). Besides, the in vitro release, in vivo absorption, and in vitro-in vivo correlation were also assessed. More importantly, the relative bioavailability of the sustained-release matrix pellets was studied in fasted rabbits after oral administration using free capsaicin and solid dispersion as references. The oral bioavailability of the matrix pellets and sustained-release matrix pellets of capsaicin was improved approximately 1.98-fold and 5.34-fold, respectively, compared with the free capsaicin. A good level A IVIVC (in vitro-in vivo correlation) was established between the in vitro dissolution and the in vivo absorption of sustainedrelease matrix pellets. All the results affirmed the remarkable improvement in the oral bioavailability of capsaicin owing to the successful preparation of its sustained-release matrix pellets.
INTRODUCTION
Capsaicin, belonging to vanillyl amide alkaloids, is the primary active ingredient in capsicum fruits. Its characteristic pungent flavor is responsible for spiciness of pepper fruit, and it is believed that chilies produce such chemicals as natural defense mechanisms against herbivores and fungi (1). Capsaicin has exhibited a wide variety of biological effects making it the target of extensive research since its initial identification (2) . Many studies have demonstrated that capsaicin is able to promote energy metabolism and suppress accumulation of body fat (3, 4) , and studies in humans have confirmed its effects on elevating body temperature and increasing oxygen consumption (5, 6) . In addition, many reports have affirmed capsaicin as an inhibitor of cytochrome P450 monooxygenase isoform 3A (CYP3A) (7, 8) and P-glycoprotein (P-gp) (9) . What is more, capsaicin also possesses multiple pharmacological activities as antiinflammatory (10), anticancer (11) , and antioxidant (12) activities.
The effects of capsaicin on the human body have been studied for more than a century. In recent years, capsaicin has been treated as an exciting pharmacological agent, and its utility has been explored in different clinical conditions such as chronic pain conditions, gastro protection in NSAID and ethanol use, post-operative nausea and vomiting, postoperative sore throat, and pruritus (13, 14) . More specifically, owing to its poorly water-soluble, significant first-pass effect, excessive short half-life (15, 16) , and thus low oral bioavailability, capsaicin is mostly used in topical drug administration for a variety of disorders such as rheumatism, lumbago, and sciatica at present (16, 17) . However, in order to compensate its low bioavailability, high daily doses of the topical preparations are often administered while resulting in poor compliance (18) . In addition to this, capsaicin, as a poorly water-soluble drug, always suffer from various formulation difficulties (19) . Therefore, developing a novel oral preparation of capsaicin has become imperative. In light of this, recently, a number of formulation strategies including nanoemulsion (20) , liposome (21) , and micelle (22) have been employed to solubilize and to enhance the oral bioavailability while without the effect of sustained release. In spite of these developments, exploiting the full clinical application of capsaicin is far from being optimized. As mentioned above, capsaicin has multiple pharmacological activities including antioxidant, anticancer, and anti-inflammatory activities which all need to stay in vivo for a long time to obtain the therapeutic effect; thus, oral sustained-release solid preparation is more conducive to capsaicin of solubilizing and sustained-release effect. Also, to the best of our knowledge, no investigations for capsaicin pellets have been carried out yet. Thus, a slow and sustained-release oral formulation of capsaicin is urgently required to maintain sustainable levels of capsaicin in the blood and lessen stimulation of the gastrointestinal tract.
Studies on oral sustained-release preparations have become hotspots in the field of new drug delivery system since traditional preparations could easily reach trough to peak plasma concentration. In the latter, toxicity increases with large plasma concentrations or when there are changes in physiological conditions. These adversely affect drug absorption and lead to poor bioavailability. Although drug release from sustained-release preparations is slow, such preparations are able to induce steady plasma concentration and extend the duration of action which consequently improve oral bioavailability. Previous research has shown the desirable use of pellets among the array of formulation approaches due to their unique clinical and technical advantages (23) . As a drug delivery system, pellets offer therapeutic advantages such as less irritation of the gastrointestinal tract and lower risk of side effects (24) . In addition, pellets are freely dispersed in the gastrointestinal tract which maximize drug absorption, reduce plasma fluctuation, and minimize potential side effects without appreciably lowering drug bioavailability (25) .
In this work, firstly, solid dispersion of capsaicin (SDC) was prepared which provided an instant release of capsaicin in vitro. Secondly, matrix pellets of capsaicin (MPC) were prepared by extrusion/spheronization using SDC mixed with microcrystalline cellulose (MCC) and hydroxypropylmethyl cellulose K100 (HPMC K100). Double-distilled water was added as the moistening agent. Finally, the sustained-release matrix pellets of capsaicin (SMPC) were obtained by coating the MPC with ethyl cellulose (EC) to enhance the oral bioavailability of capsaicin through its controlled and sustained release and lessen its irritation of the gastrointestinal tract. The development and in vitro release characteristics of the pellets in different pH media are further described in this paper. More importantly, the in vivo performance in fasted rabbits after oral administration was evaluated using free capsaicin and SDC as references. Furthermore, the correlations between in vitro dissolution and in vivo bioavailability of SMPC were also evaluated.
MATERIALS AND METHODS

Materials
Polyvinyl pyrrolidone K30 (PVP K30) was purchased from BASF (Ludwigshafen, Germany). Soya lecithin, pharmaceutical grade, was purchased from Taiwei Pharmaceutical Company Co., Ltd. (Shanghai, China). EC (ethocel standard 7 premium) and HPMC K100 were purchased from BASF Co., Ltd. (Ludwigshafen, Germany). Chromatographic-grade acetonitrile was purchased from Honeywell Burdick & Jackson (Muskegon, USA). MCC, polyethylene glycol 4000 (PEG 4000), dibutyl phthalate (DBP), non-pareil cores, dipotassium phosphate, monopotassium phosphate, sodium hydroxide, ethyl acetate, alpha-naphthol, phosphoric acid, and methanol (HPLC grade) were provided by Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Double-distilled water was produced by a Millipore water purification system (Millipore Corporation, Bedford, MA, USA). All other chemicals were of analytical grade and used without further purification.
METHODS
Preparation of Solid Dispersions of Capsaicin
The components of the solid dispersions of capsaicin, namely capsaicin, PVP K30, and soya lecithin, were accurately weighed (1, 3, and 0.5 g, respectively) and dispersed in 80 mL of anhydrous ethanol. This blend mixture was subsequently evaporated by rotary evaporator at 60°C till a state of ropiness. Then, the solvent present was volatilized completely at 80°C, after which the mixture was placed in a freezer at −20°C for 4 h to get a solidified mass. The mass was kept in a vacuum-drying chamber for 24 h before it was triturated gently to solid dispersion powders with a mortar and pestle. Solid dispersions of capsaicin was finally prepared by passing the solid dispersion powders through a 80-mesh screen and stored in a dryer for further studies.
Preparation of Matrix Pellets of Capsaicin
The matrix pellets of capsaicin were prepared by the extrusion/spheronization technique. Solid dispersions of capsaicin (2.5 g), MCC (46 g), and HPMC K100 (1.5 g) were accurately weighed and homogeneously mixed using doubledistilled water (approximately 36 mL) as the moistening agent. The wet mixture was transferred into the extrusion/ spheronization fluidized coating machine (Xinyite Mini250, Shenzhen, China) to prepare matrix pellets of capsaicin. In order to observe the effect of HPMC on drug dissolution, 1, 3, and 5% of HPMC with a fixed amount of solid dispersions of capsaicin (20%) were used in the matrix pellets preparation.
Preparation of Sustained-Release Matrix Pellets of Capsaicin
The sustained-release matrix pellets of capsaicin were prepared by coating the surface of matrix pellets of capsaicin (containing 3% (w/w) HPMC) with EC. The coating materials included EC (2.0 g), PEG 4000 (0.5 g), and dibutyl phthalate (0.5 g) dissolved in anhydrous ethanol (100 mL). The coating process parameters were as follows: the speed of coated pan was 800 rpm, the inlet temperature was 50°C, the product temperature was 45°C, and the spray rate was 1 mL/min. The obtained pellets were placed in a dryer pending further analysis.
PHYSICAL CHARACTERISTICS OF MPC
Scanning Electron Microscopy
In order to observe the micromorphology of the matrix pellets of capsaicin, the scanning electron microscopy was used. Matrix pellets of capsaicin were mounted on aluminum studs as a whole pellet, and then sputter coated with gold for approximately 2 min. The electron microscopy pictures were taken at magnification of ×55, ×450, and ×650, respectively.
Differential Scanning Calorimetry
Differential scanning calorimeter was used for differential scanning calorimetry (DSC) measurements. An empty aluminum non-hermetically sealed pan was used as reference. Approximately 10 mg of samples were placed in aluminum pans and heated from 30 to 300°C at a rate of 10°C/min.
X-Ray Diffractometry
X-ray diffraction patterns were obtained on a diffractometer using Cu radiation at a voltage of 40 kV and a current of 200 mA. Both the divergence slit and anti-scattering slit were 1°. The receiving slit was 0.3 mm. The samples were scanned on an angular range of 5-50°at a scan rate of 4°/min.
IN VITRO DISSOLUTION STUDIES Experiment Design
Dissolution experiments were performed using a ZRS-8G dissolution apparatus (Tianjin, China) based on the Chinese Pharmacopoeia 2010 Method I (stirring paddle method). Hard gelatin capsules (size 0) filled with pellets approximately equivalent to 40 mg capsaicin were added to the dissolution media. The rotation speed was 100 rpm, and the studies were conducted at 37±0.5°C. Nine hundred milliliter of HCl solution (pH 1.2), phosphate buffer solution (PBS) (pH 6.8), PBS (pH 7.4), and double-distilled water were selected as the dissolution media. At appropriate time intervals (SDC: 10 min, 20 min, 30 min, 40 min, 50 min, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h, 8 h, 10 h, 12 h, and 24 h; SMPC: 0.5 h, 1 h, 1.5 h, 2 h, 3 h, 4 h, 6 h, 8 h, 10 h, 12 h, and 24 h), 5-mL aliquots of the four media were drawn under replacement of the volume with fresh isothermal medium subsequently. Parallel dissolution experiments were performed sextuplet, and the average cumulative release with standard deviations was calculated for each time points and media.
In Vitro HPLC Analysis
The amount of capsaicin released from SDC, MPC, and SMPC at each time point was measured using a validated high-performance liquid chromatography (HPLC) method. The HPLC system (Shimadzu, Japan) equipped with a pump (LC-20AT), an auto sampler (SIL-20A), and a UV detector set at 280 nm was used. The column, Symmetry C18 column (4.6 mm×150 mm, 5 μm, Waters, USA), was kept at a constant temperature of 30°C. The mobile phase was 70% methanol with 0.1% phosphoric acid at a flow rate of 1.0 mL/min. The injection volume was 20 μL.
Drug-Release Mechanism
The dissolution profiles of the SMPC were subjected to six release models to fit the data and consequently identify or confirm the drug-release mechanisms. The models included zero model, first-order (26), Higuchi (27) , Ritger-Peppas (28), Hixson-Crowell (29) , and Baker-Lonsdale release equations, shown in Table I where M t /M ∞ is the accumulated drugreleased rate at time t, t is the release time, and k is the release rate constant. The optimum values for the parameters present in each equation were determined by linear or non-linear least-squares fitting methods. In addition, regression analysis was performed and best fits were calculated on the basis of correlation factors as R.
BIOAVAILABILITY STUDIES Animal Experiments
All the experimental protocol was approved by Jiangsu University Animal Ethics and Experimentation Committee according to the requirements of the Prevention of Cruelty to Animals Act 1986 and conformed to the guidelines of the National Health and Medical Research Council for the Care and Use of Laboratory Animals in China. The study had an open, randomized, and single-dose design. Eighteen male rabbits (body weight 2.0±0.2 kg) were purchased from the Experimental Animal Center of Jiangsu University (No. 20131115-2). The rabbits were housed and acclimated to our laboratory for 3 days before testing. The rabbits were randomly and equally divided into three treatment groups (n=6) and were fasted for 12 h with free access to water prior to drug administration. The hard gelatin capsules (size 0) were introduced directly into the esophagus and washed down with 5 mL double-distilled water in order to avoid chewing which could cause possible damage. A 60 mg/kg dose of free capsaicin suspension, solid dispersion, and sustained-release matrix pellets of capsaicin was given to the first, second, and third groups, respectively. Blood samples were collected from ear veins at predetermined time points (0.5, 1, 2, 3, 4, 6, 8, 12, and 24 h) after oral administration.
Treatment of Plasma Samples
The blood samples were centrifuged at 3000 rpm for 15 min to separate the plasma. Plasma of 200 μL was mixed with 20 μL internal standard solution (10 μg/mL α-naphthol methanol solution) and 400 μL acetonitrile by vortex-mixing for 2 min. Then, 5 mL diethyl ether was added and vortexmixed adequately for 10 min. After centrifugation at 3000 rpm for 10 min, the organic layer was transferred into a tube and evaporated to dryness under a gentle stream of nitrogen in a 37°C water bath. The residue was dissolved in 100 μL of 
mobile phase, and 20 μL of the resulting solution was injected into the HPLC system.
In Vivo HPLC Analysis
A validated HPLC system (SPD-20A, LC-20AT) was used to determine capsaicin plasma concentration. Chromatographic separation was performed at a flow rate of 1.0 mL/min, wavelength of 280 nm, using a Symmetry C18 column (4.6 mm×150 mm, 5 μm, Waters, USA), and column temperature maintained at 50°C. The mobile phase was 43% acetonitrile.
This method showed a good linear correlation at the range of 40-1000 ng/mL with R 2 =0.9991. The lower limit of quantitation (LLOQ) was 40 ng/mL. The relative standard deviations (RSD) of intra-day and inter-day precisions in three different concentrations (50, 300, and 800 ng/mL) were both below 2.46%. Besides, the extraction recovery and analytical recovery were 84.92±0.48 and 99.13±0.96%, respectively.
Pharmacokinetic and Statistical Analysis
Capsaicin plasma concentration was plotted against time to obtain the concentration-time profiles which was used to determine the peak blood concentration (C max ) and time to achieve the peak concentration (T max ). Non-compartmental pharmacokinetic analysis was conducted to calculate the area under the curve from 0 to 72 h (area under the curve (AUC) 0-72 ) as well as t 1/2 . The values of C max and T max for the test preparation were obtained by actual observations. All data were presented as mean±standard deviation. The student t test was performed to determine the significance of difference between the pharmacokinetic parameters. P value <0.05 was considered to be significant. The relative bioavailability (F r ) was determined by the ratio of AUC for the test formulation (AUC T ) and the reference formulation (AUC R ). It was calculated using the following equation:
In Vitro-In Vivo Correlation Analysis
In vitro-in vivo correlation (IVIVC), defined by the US Food and Drug Administration (FDA), is a predictive mathematical model which can be used to describe the relationship between the in vitro property and the in vivo response of an oral dosage form. In our study, BAPP 2.3 Pharmacokinetic software package supplied by the Center of Drug Metabolism and Pharmacokinetics of China Pharmaceutical University was employed. Linear regression analysis was applied to fit the data and R was calculated to evaluate the robustness of IVIVC. If P value was less than 0.001, the data were considered statistically significant. All data were presented as mean±standard deviation.
RESULTS
Physical Characteristics of MPC
The morphology of MPC was observed by scanning electron microscopy (SEM), micrographs of the surface were imaged at magnifications of ×55 (Fig. 1a), ×450 (Fig. 1b) , and ×650 (Fig. 1c) . It was possible to observe the general aspect of pellets including size and shape as well as details of their surface, such as pores. Under the smaller magnification (×55), the MPC were mostly spherical in shape with a uniform size while the outer surfaces were smooth, continuous, and homogenous. However, under the magnification at ×450, some pores were observed on the surface which made them slightly rough. The roughness became more evident under the greatest magnification (×650) due to the clearly visible pores.
In addition, DSC was performed to check the physical state of the drug in the pellets. From the result (Fig. 2) , free capsaicin showed a sharp endothermic peak at 50°C that corresponded to the melting point of capsaicin. However, there were no endothermic peaks at 50°C for the excipients such as MCC, PVP, HPMC K100, and the mixture of them. The physical mixture of capsaicin and PVP at the ratio of 1:3 presented an endothermic peak of capsaicin at about 50°C, but the SDC and MPC showed the disappearance of the endothermic peaks at 50°C. The X-ray diffractometry patterns for the free capsaicin, PVP K30, mixture A (capsaicin: PVP=1:3), SDC, MCC, HPMC, MPC, and mixture B (20% SDC, 77% MCC, 3% HPMC) are depicted in Fig. 3 . As shown in the X-ray diffractometry (XRD) diffractograms, free capsaicin gave an obvious diffraction peak within the range of 7.5-30°w hich corresponded to a separate crystalline drug phase by comparing with the free capsaicin, PVP K30, and mixture A; PVP K30 could also weaken the characteristic peak of capsaicin. SDC showed the absence of diffraction peak of capsaicin while the MPC exhibited little crystal peaks ranging from 21 to 25°. In comparison with the SDC, MCC, HPMC, MPC, and mixture B, it can be seen that the crystal peak given by MPC may be in accorded with the excipient of MCC.
In Vitro Release Studies and Release Mechanism Analysis
The influence of the different amounts of HPMC (1, 3, and 5%) on drug dissolution in the four different media was initially investigated in this study and the results are shown in Fig. 4 . The results clearly indicated that the drug-release rates of MPC were not significantly affected by different pH environments and that of MPC with 3% HPMC was higher than the other two formulations in all of four dissolution media. Therefore, the amount of HPMC was fixed as 3% to get a desirable dissolution for further study. Dissolution profiles of free capsaicin, SDC, MPC, and SMPC were also compared in four different media. The release patterns (Fig. 5) for free capsaicin, SDC, MPC, and SMPC in each of the four media were generally similar. It was clearly evidenced that the release rate of capsaicin was not significantly affected by different pH environments. On the other hand, the capsaicin released from SDC was rapid and an almost complete release (>90%) was achieved within 1 h in all media while less than 15% capsaicin released from free drug. In detail, the cumulative release of 56.52±0.77, 59.77±2.48, 54.86±0.13, and 57.10 ±0.81% of free capsaicin in HCl solution (pH 1.2), phosphate buffer solution (PBS) (pH 6.8), PBS (pH 7.4), and doubledistilled water, respectively, was poor within 24 h. Contrarily, the cumulative released rates of SDC (>97% within 24 h) were evidently higher in the four dissolution media. However, since the release from SDC was too fast for oral administration, it was essential to prepare a sustained-release dosage form to slow down the release rate and enhance the oral bioavailability. The release profiles (Fig. 5 ) of MPC showed a slower release rate compared with SDC but was above the ideal release behavior. Thus, in this study, EC was chosen and investigated as the coating material to further control the dissolution process. As can be seen in Fig. 5 , the release rates of capsaicin from SMPC were slowed down obviously, which was lower than MPC but higher than free capsaicin.
In our study, the drug-release data was fitted to different models in an attempt to elucidate the release mechanism. The kinetic models consist of zero-order, first-order, Higuchi, Ritger-Peppas, Hixson-Crowell, and Baker-Lonsdale models. The optimum values for the parameters present in each equation were determined by linear least-squares fitting methods. The simulated equations and correlation coefficients (R) are shown in Table II 
In Vivo Pharmacokinetics Studies
Although the SDC and SMPC exhibited ideal in vitro dissolution, the bioavailability was also studied to evaluate the performance of the preparation. Until now, no pharmacokinetic studies for sustained-release pellets of capsaicin have been reported. According to our previous work, free capsaicin has a significant gastric mucosa irritation on rats (5), which leads to states of severe or painful convulsions and, ultimately, death. It can be speculated that free capsaicin could produce strong irritation in dogs. Additionally, as reported, rabbits are often used as the animal for the prediction of skin irritation effects in humans, and the findings verified that the rabbit irritation data are useful in identifying human health risks (30) . On the other hand, no reference has been found to prove that rabbits were used as the animal models for the study of oral irritation, but many literatures have been reported that rabbits were used as experiment animals to study in vivo pharmacokinetics of pellets (31, 32) . Hence, rabbits were chosen for oral administration in our study.
The in vivo pharmacokinetic behavior of free capsaicin, SDC, and SMPC were investigated following oral administration of 60 mg/kg of capsaicin to 18 healthy rabbits. Mean plasma concentration-time curves after administration of the test and control preparation are represented in Fig. 6 while Table III shows the pharmacokinetic parameters of the formulated and unformulated capsaicin after oral administration. As illustrated in Fig. 6 , plasma level of capsaicin after administration of free capsaicin was very limited with a C max of 262.62±31.92 ng/mL and an AUC 0-t of 742.01±72.99 ng·h/ mL, and was below the limit of detection after 8 h. However, the SDC showed a much higher plasma level of capsaicin (384.30±13.51 ng/mL) compared with the free drug. Significant differences between the plasma concentration-time curves of the free capsaicin and SDC were also found. The peak concentration and relative bioavailability of SDC compared with free capsaicin were 1.46-fold higher and 197.88%, respectively.
The fitting parameters of non-compartment model for SMPC were obtained as shown in Table III . From Fig. 6 , the plasma level of capsaicin released from SMPC rose quickly to a maximum concentration (492.06±17.25 ng/mL) 3 h after administration and decreased afterwards. There was a major fall in plasma concentration between 3 and 12 h which moderately declined until 24 h. As found, the T max prolonged 1 to 3 h when capsaicin was formulated in SMPC. It was also shown that t 1/2 of SMPC was 9.40±0.33 h. However, t 1/2 of free capsaicin and SDC was 4.29±0.29 and 5.09±0.56 h, respectively. The delayed T max and prolonged t 1/2 demonstrated a slow release of the capsaicin from SMPC in comparison with SDC and free capsaicin. These results revealed that the SMPC had better sustained-release characteristics than SDC. The postponement of T max of SMPC contributed to the maintenance of the plasma concentration over a period of time to the enhancement of drug relative bioavailability, which is important for the clinical application.
In Vitro-In Vivo Correlation Analysis
Establishment of an IVIVC was used as a surrogate for bioequivalence (33) , and a good correlation is a tool for predicting in vivo results on the basis of in vitro data (34, 35) . For level A of IVIVC, the fraction absorbed in vivo was plotted against the fraction released in vitro at the same time. The regression equation and coefficient of correlation between capsaicin release from SMPC in each of four different dissolution media and in vivo absorption of rabbits are summarized in Fig. 7 . The regression equations in four media are listed as follows: HCl solution (pH 1.2): y=1.5789x−0.1514; PBS (pH 6.8): y=1.6046x−0.1711; PBS (pH 7.4): y=1.6028x −0.1578; double-distilled water: y=1.5450x−0.1351 (where y represents the cumulative release rate in vitro and x the in vivo absorption). The coefficient correlations were (36) . It is important to note that this kind of correlation could be used as a tool to predict the in vivo pharmacokinetic behavior of the observed in vitro release profiles.
DISCUSSION
The results of DSC showed that the physical mixture of capsaicin and PVP (1:3) presented an endothermic peak of capsaicin at about 50°C, which indicated that capsaicin was still in a crystalline state. However, the thermograms of SDC and MPC exhibited the disappearance of the endothermic peaks at 50°C suggesting the possible presence of a noncrystalline form of capsaicin. This indicated the successful preparation of SDC and MPC. Additionally, the XRD result of SDC showed the absence of a diffraction peak of capsaicin pointing to its transition from a crystalline to an amorphous state. While in MPC, it showed little crystal peaks which may be attributed to the use of MCC. Both the DSC and X-ray results confirmed the amorphous state of capsaicin in the solid dispersion and the fact that milling did not induce re-crystallization. As reported previously, the high dispersing condition of the drug in the carrier or the transition of the physical state from crystalline to amorphous would help improve the dissolution rate significantly (37) . This also buttresses reasons why SDC could enhance the solubility of poorly water-soluble capsaicin.
Various pharmaceutical excipients were used in the formulation of pellets to modify the release of the active pharmaceutical ingredient (23) . These components such as HPMC and MCC form the matrix system, which ensure appropriate release of the drug capsaicin. Reportedly, HPMC is the most important hydrophilic carrier material used for the preparation of oral-controlled drug delivery systems (38, 39) and it is a key determinant of drug dissolution (40, 41) . For this reason, the influence of the different amounts of HPMC (1, 3, and 5%) on drug dissolution in the four different media was initially investigated in this study. The results indicated that the release rate of MPC (3% HPMC) was higher than the other two formulations regardless of the media. It may be attributed to the high swellability of HPMC which affects the release kinetics of the incorporated drug, and the water diffusion coefficient also has a significant dependence on the matrix swelling ratio (38, 42) . On the other hand, polymer coatings have been found to profoundly affect the dissolution behaviors of some drugs (43, 44) . Likewise, pellets are typically coated for the purpose of producing controlled-or sustainedrelease dosage forms in the pharmaceutical industry (45) . Therefore, in this study, EC was chosen and investigated as the coating material to further control the dissolution process. By retarding water penetration, the EC coating prevented the quick swelling of the matrix pellets which modulated the release pattern to an ideal sustained release (46) .
To the best of our knowledge, the patterns of drug release from the film-coated formulations are listed as follows: Firstly, the membrane absorbed water and swelled in the presence of the aqueous media. The drug delivery was controlled by fast water penetration through the coat of the membrane (47) . Water permeated the polymer film to dissolve the drug in the pellet core. Meanwhile, the swelling of coating polymers continued until equilibrium was attained. Secondly, sufficient hydrophilicity of the polymer was solvated by water in the dissolution media (48, 49) . The release of drug molecules was controlled by the pores in the polymer film which had been created by leaching. Water permeation continued due to an osmotic pressure difference until the core was saturated with water. Moreover, the swelling of pellets induced by water influx led to an expansion of the polymer network and further increase in the permeability of the film coat (50, 51) . Images from SEM (Fig. 1) indicated that some drug might have been released through the pores. The pharmacokinetic analysis of the plasma concentration for capsaicin showed a greatly improved bioavailability; hence, both the AUC 0-72 h and C max of SDC and SMPC were significantly greater than the free capsaicin. In general, poorly water-soluble drug possesses a poor bioavailability due to low absorption in vivo, which is limited by its dissolution rate (52) . The solubilization of capsaicin has been significantly improved by solid dispersion technique; lots of drug sharply releasing into the body would decrease the bioavailability of capsaicin attributing to the harsh conditions of gastrointestinal tract. The peak concentration of SDC compared with free capsaicin was 1.46-fold higher that reflected an improved absorption of drug. However, this could only enhance the oral bioavailability but cannot achieve long-term sustained-release effect because the release is too fast to maintain in vivo for a long period. Previous investigations have proven matrix pellets to be a promising option for sustained release (53) . Hence, SMPC were prepared by coating with EC to obtain an ideal sustained release in our study. However, as shown in Table III , the C max of SMPC (492.06±17.25) was higher than that of SDC (384.30±13.51) which is not consist with the general rule. It can be speculated that the sustained-release pellets showed the capacity to decrease the release rate and improve the plasma concentration when ingested orally. In addition, there are some differences in the mechanism of absorption and metabolization between rabbits and mice or other experimental animals.
CONCLUSIONS
The SMPC prepared by extrusion/spheronization method and coating technique exhibited the sustained release of poorly water-soluble drug, capsaicin. The SMPC was shown to be successfully prepared with the disappearance of crystal peaks observed by DSC and XRD. The in vitro dissolution profile of SMPC exhibited a suitable sustained-release rate in four different media which followed Baker-Lonsdale model compared with other regression models. In addition, pharmacokinetic study in rabbits indicated that MPC and SMPC increased oral bioavailability of capsaicin 1.98-fold and 5.34-fold, respectively. Furthermore, the IVIVC studies for SMPC demonstrated good linear relationships between in vitro dissolution and in vivo absorption. In summary, the SMPC prepared by solid dispersion effectively improved the oral bioavailability of capsaicin with significant sustained-release effect. SMPC, therefore, could serve as a promising carrier system for the poorly watersoluble substance, capsaicin, to expand its clinical application.
